Background: Hypertension (HTN) is a global public health issue. Self-care is an essential component of HTN treatment, but no instruments are available with which to measure self-care of HTN. Objectives: The purpose of this study is to test the psychometric properties of the Self-care of Hypertension Inventory (SC-HI). Methods: Using the Self-care of Chronic Illness theory, we developed a 24-item measure of maintenance, monitoring, and management appropriate for persons with chronic HTN, tested it for content validity, and then tested it in a convenience sample of 193 adults. Exploratory factor analysis was used to identify measure structure. Cronbach"s ! and factor determinacy scores and were used to assess reliability. Validity was tested with the Medical Outcomes Study General Adherence Scale and the Decision Making Competency Inventory. Results: Seventy percent of the sample was female; mean age was 56.4 T 13 years; mean duration of HTN was 11 T 9 years. Removal of 1 item on alcohol consumption resulted in a unidimensional self-care maintenance factor with acceptable structure and internal consistency (! = .83). A multidimensional self-care management factor included ''consultative'' and ''autonomous'' factors (factor determinacy score = 0.75). A unidimensional confidence factor captured confidence in and persistence with each aspect of self-care (! = .83). All the self-care dimensions in the final 23-item instrument were associated with treatment adherence and several with decision making. Conclusion: These findings support the conceptual basis of self-care in patients with HTN as a process of maintenance, monitoring, and management. The SC-HI confidence scale is promising as a measure of self-efficacy in self-care. 3 Experts agree that self-care, a process of maintaining health through the practice of health-promoting practices within the context of managing a chronic condition, 4 is critical to BP control and prevention of sequelae such as myocardial infarction, stroke, and heart failure.
G lobally, the prevalence of hypertension (HTN) (defined as systolic blood pressure [BP] of Q140 mm Hg or diastolic BP of Q90 mm Hg 1 in adults Q25 years old) is estimated to be 40%. 2 In the United States, 70 million American adults (1/3) have HTN; only 52% report that their BP is controlled. 3 Experts agree that self-care, a process of maintaining health through the practice of health-promoting practices within the context of managing a chronic condition, 4 is critical to BP control and prevention of sequelae such as myocardial infarction, stroke, and heart failure. 1 According to evidence-based guidelines, adherence to BP-lowering medications and lifestyle modifications are essential to HTN management. 1, 5 The lifestyle modifications needed to control HTN include a heart-healthy diet, regular physical activity, avoiding tobacco, managing stress, and achieving/maintaining a healthy weight. 6 In addition, self-monitoring of BP has been shown to improve control of BP presumably through recognition of elevated BP that leads to efforts to control the BP. 7, 8 Although the role of self-care in the clinical management of HTN is well established and incorporated into patient education and intervention strategies, few valid instruments are available to measure self-care in patients with HTN. 9Y11 To date, measurement has targeted discrete behaviors (eg, assessing medication adherence, weight loss, or physical activity levels) or influencing factors (eg, motivation and self-efficacy), which has limited the evaluation of self-care intervention effectiveness. Thus, the purpose of this study is to test the psychometric properties of the theoretically based Self-Care of Hypertension Inventory (SC-HI).
Theoretical Framework
Self-care was conceptualized by the middle range theory of self-care in chronic illness and defined as a naturalistic decision-making process of maintaining health through health-promoting practices and managing illness. 4 Self-care maintenance refers to those behaviors used by patients with a chronic illness to maintain physical and emotional stability. Self-care monitoring refers to the process of observing oneself for changes in signs and symptoms. Self-care management is the response to signs and symptoms when they occur. The SC-HI was designed to capture the theoretical process of the middle range theory of self-care in chronic illness with 3 scales: self-care maintenance, management, and confidence. Self-care confidence refers to the confidence that one has in the ability to perform a specific action and to persist in performing that action despite barriers.
Methods

Instrument Development
Items in the SC-HI were designed to reflect the theoretical constructs of self-care maintenance, monitoring, and management. Items in the self-care maintenance scale reflect 12 common adherence behaviors recommended for persons with HTN: check BP, eat fruits and vegetables, be physically active, keep medical appointments, eat a low-salt diet at home and when dining out, exercise, take medications, use a medication reminder system, eat a low-fat diet, and control body weight. These items were written using published literature, clinical guidelines, and scientific statements from the American Heart Association. 5, 6 Two similar items addressing diet and exercise were included in the maintenance scale to increase the internal consistency of the scale. Respondents rate how frequently they engage in each behavior on an ordinal rating scale (1, never or rarely, to 4, always or daily). A rating scale with an even number was used to avoid an undecided midpoint.
The self-care management scale is completed and scored if patients report that that their BP has been high in the previous interval, even briefly. To capture monitoring, respondents are first asked how quickly they recognized that their BP was high (0, not recognized, 1, not quickly, to 4, very quickly) and to indicate how likely they were to use each of 4 recommended actions (reduce the salt in your diet, reduce your stress, be careful to take your prescription medicines more regularly, and call your doctor/nurse for guidance) for controlling their BP (1, not likely, to 4, very likely) if they recognized that their BP was elevated. The last question on the self-care management scale assesses the ability to evaluate treatment effectiveness (0, nothing tried, 1, not sure, to 4, very sure).
The self-care confidence scale is a 4-point scale (1, not confident, to 4, very confident) used to assess confidence in one"s ability to engage in each individual element of self-care. Self-care confidence is not an element of self-care, but we have shown previously that it is a powerful predictor of self-care. Each of the 3 scales (maintenance, management, and confidence) is scored separately and standardized to 0 to 100, with higher scores indicating better self-care. That is, 3 separate scores are produced. The SC-HI is freely available on our Web site: http://www.self-careofheartfailureindex.com/.
Content Validity
The content validity of an instrument is the degree to which it includes an appropriate sample of items for the construct being measured. Polit and Beck 12 describe 2 phases: careful conceptualization and domain analysis before item generation and then evaluation of the content with expert assessment. The SC-HI was designed to reflect the underlying middle range theory of self-care of chronic illness. The relevance of the proposed items was judged by a 6-member expert panel composed of 2 cardiovascular nurse clinicians and 4 nurse scientists. These individuals were asked to rate the content relevance of each item on a scale of 1 (unnecessary) to 3 (essential). 13 The content experts were asked for suggested revisions and whether any important content was missing.
14 Content validity was quantified using the content validity index. 15 The content validity index was calculated for each individual item and then for the full instrument. The content validity index for each item was calculated as the proportion of experts who rated its content as useful or essential (2 or 3). The content validity index for the full instrument was calculated as the proportion of items the experts rated as relevant. 13 A panel of 6 experts in HTN rated each item for content validity. 13 Every individual item achieved 100% agreement as essential or useful except for one. That 1 itemVtake an extra BP pillVwas rated as unnecessary by 2 of 6 reviewers. That item was changed to ''Be careful to take your prescription medicines more regularly.'' The overall content validity index was 0.96. Minor editing suggested by the expert panel was incorporated into the final instrument.
Psychometric Testing Methods
Sample A convenience sample of 193 adults with HTN was used to assess the psychometric properties of the instrument. Individuals were recruited directly from small urban communities and outpatient clinical settings from 4 large medical centers in the Northeastern, Southeastern, and Midwestern United States. In each of these settings, recruitment flyers were posted or distributed by research staff. Persons were eligible to participate if they were older than 18 years and reported having chronic HTN. To enroll in this study, individuals self-identified as having HTN and reported how long they had had HTN. Review and approval for this study and all procedures were obtained from the appropriate institutional review boards.
Participants completed the following: (1) a short demographic questionnaire, (2) the SC-HI, 3) the Medical Outcomes Study General Adherence Scale, and (4) the Decision Making Competency Inventory. The Medical Outcomes Study General Adherence Scale (Coefficient ! = .78) is a widely used valid and reliable instrument used to assess treatment adherence (medication, diet, exercise). 16 The Decision Making Competency Inventory (coefficient ! = .86) measures decision making skill in 4 domains: (1) informed awareness (ie, being reflective in the decision-making process and gathering adequate information to make an informed decision), (2) self-appraisal (being mindful of personal qualities that can affect the consequences of choices, (3) autonomy in critically evaluating options and making a choice, and (4) confidence in making an appropriate decision. 17 
Analysis
Standard descriptive statistics (proportions, means, and standard deviations) were used to describe the sample and SC-HI item responses. The proportions of respondents who endorsed different response options provide information about item difficulty, and means and standard deviations provide information about item distribution. Item-rest correlations (ie, linear correlation between an item and scale formed by all other items) 18 were quantified to detect poor fitting times. Item-rest correlations were calculated because in the alternative item-test correlations poorly fitting items can distort the total test scale making poor fitting items more difficult to detect. 18 Although the SC-HI was designed to capture the 3 theoretical self-care processes of maintenance, management, and confidence, we were unsure of how many factors should inform each process; in some instances, measures linked to this middle-range theory have been unidimensional, and in others, they have been multidimensional within each process. 19, 20 Accordingly, we performed exploratory factor analysis to gain insight into the number of factors that inform each self-care process in the context of HTN. Because the SC-HI item responses are ordinal in nature, we chose to perform exploratory factor analysis with geomin (oblique) rotation and weighted least square parameter estimation with mean-and variance-adjusted statistics. 21 When performing exploratory factor analysis of ordinal data, eigenvalues and explained variance are not used to identify the number of factors. Instead, factor solutions are compared using # 2 tests (nonsignificant), comparative fit indices (90.95), Tucker-Lewis indices (90.95), root-mean-square errors of approximation (G0.08), and the standardized root-mean-square residual (G0.08 acceptable) and their common thresholds of acceptable fit 22Y24 ; the number of factors is chosen based on the solution with the best fit. When using ordinal items in exploratory factor analysis, comparative fit indices and Tucker-Lewis indices provide the most accurate information on the number of factors, followed by rootmean-square errors of approximation and standardized root-mean-square residual. 25 Cronbach"s ! was computed when unidimensional scales were observed to fit these data best. When more than 1 factor was observed to fit these data best, multidimensional factor analysis was used to calculate a factor determinacy score (range, 0Y1; Q0.70 is adequate). 26, 27 Finally, concordant validity was tested using linear correlations between observed SC-HI domains and both adherence (Medical Outcomes Study 
Results
The sample of 193 adults was mostly (70%) female and ethnically diverse (60% black, 32% white, 6% Latino, 2% Asian). The mean age was 56.4 T 13 years; mean duration of HTN was 11 T 9.4 years. Further details describing the sample are shown in Table 1 .
Self-care Maintenance
Item responses on the SC-HI are presented in Table 2 . The easiest maintenance behavior for respondents was taking their medications as prescribed (item 7) and the most difficult behavior was checking their BP daily (item 1). One item focused on alcohol consumption (item 10) had poor fit with other items and internal consistency was improved with its removal. Removing this item resulted in a unidimensional scale with the best fit (Table 3) . Cronbach"s ! on the SC-HI maintenance scale (without item 10) was .83, and it was strongly associated with adherence and with informed awareness (Table 4) .
Self-care Management
The easiest management behavior for respondents was being careful to take prescription medicines more regularly (item 16) and the most difficult management behavior was judging whether an action helped or not (item 18). Several items in this scale were problematic with regard to fitting with a single scale ( Table 2) ; a single factor analysis of the SC-HI management items had poor fit (# 2 = 21.9, P = .015; root-mean-square errors of approximation = 0.117; comparative fit indices = 0.628, Tucker-Lewis indices = 0.442, SRMR = 0.199) and a 2-factorstructure to management had better fit compared with the unidimensional structure ( 18] ). Reliability of the 2-factor self-care management structure was sufficient (factor determinacy score = 0.75). The consultative factor was associated significantly with informed awareness but not general adherence, and the autonomous management factors were associated significantly with medication adherence and informed awareness (Table 4) .
Self-care Confidence
Participants were most confident in their ability to follow the treatment regimen (item 20), and least confident in their ability to control their BP (item 19); individual confidence items formed a single scale (Table 2 ) with acceptable fit (Table 6 ). Reliability of the unidimensional self-care confidence structure was sufficient (! = .83). The single self-care confidence factor was associated significantly with Note that item 10, cut down on the alcohol you drink, has been deleted. Abbreviations: CFI, comparative fit index; RMSEA, root-mean-square error of approximation; SRMSR, standardized root-mean-square residual; TLI, Tucker-Lewis Index. a Factor loadings significant at the 5% level. Decision-Making Self-appraisal Autonomy Maintenance 0.729; P G .001 0.500; P G .001 j0.085; P = .436 j0.083; P = .450 Management Consultative 0.242; P = .058 0.328; P = .010 j0.081; P = .535 j0.025; P = .847 Autonomous 0.387; P G .001 0.322; P = .002 j0.014; P = .895 j0.039; P = .720 Confidence 0.342; P G .001 0.365; P G .001 j0.265; P = .010 j0.178; P = .089 adherence and both informed awareness and selfappraisal (Table 4) .
Discussion
The purpose of this study is to test the psychometric properties of the SC-HI, a new measure of self-care designed for use with individuals with HTN. The results of this study illustrate that the SC-HI is reliable and valid and ready for further testing. Our findings support the conceptual basis as defined in the middle range theory of self-care in chronic illness 4 of self-care in patients with HTN as a process of health maintenance within the context of management of HTN as a chronic condition. Self-care management of HTN requires monitoring of BP and associated symptoms as well as a timely response to elevated BP.
In this analysis, self-care maintenance reflected 11 health-promoting behaviors identified by experts as having a beneficial effect on BP lowering. 1, 6 These behaviors capture both treatment adherence and lifestyle activitiesVboth of which are necessary for HTN control. Although the finding of a unidimensional maintenance scale differs from the other selfcare instruments, 19, 28 it is consistent with the collective evidence that a health-promoting lifestyle contributes to achieving BP control even in patients taking anti-HTN medications. 6 For example, there is compelling evidence that weight loss, best achieved through a combination of decreased caloric intake and exercise, is associated with lower BP in pre-HTN or stage 1 HTN, but neither is likely to be fully effective without medication adherence in those with more elevated BP. 29, 30 According to The Lifestyle Work Group, 6 the effects of both a heart-healthy diet (ie, vegetables, fruits, whole grains, low-fat dairy products, poultry, fish, legumes, and limited sweets and red meats) and reduced sodium intake are even greater when combined.
Self-care Management
Our analysis of the self-care management scale revealed 2 factors: consultative and autonomous. As a naturalistic decision-making process, self-care management requires consideration of past experience to make a decision on what action to take in a specific situation. 31 Accordingly, the consultative dimension of management included 3 behaviors: recognizing an elevated BP, reducing dietary salt, and calling a healthcare provider. We were surprised that dietary salt reduction was in the consultative dimension, but perhaps, this reflects the difficulty that people have in correctly labeling the sodium content of foods, identifying hidden sodium sources in food, and that they require consultation with providers to reduce dietary sodium. These behaviors are standard components in patient education materials. For example, patients are routinely instructed to measure and record BP at home and call a healthcare provider if a reading exceeds a specific level. Then in consultation with the provider, action is taken. Home BP monitoring has been used to evaluate the response to antihypertensive medicines and to optimize medication management. 8 The second self-care management dimension, autonomous management (eg, reduce stress, take medication regularly, and evaluate if action helped) suggests a decision-making process that is thoughtful or reflective. For example, using past experience, individuals may reflect on the potential reasons for their symptom or elevated BP. They may ponder if there is a stressrelated reason or perhaps consider if they had forgotten a medication. Then they may consider potential options or autonomous actions (ie, manage stress, take medication) and the likely effectiveness of each behavior. This reflective process is consistent with the underlying theory and our prior work in heart failure self-care, also a naturalistic decision making process, in which decisions are made based on experience, situation awareness, and mental simulation of options.
31
Self-care Confidence
Similar to our other self-care instruments, 19 ,32 the SC-HI confidence scale is a promising measure of self-efficacy, defined by Bandura 33 as the confidence that one has in the ability to perform a specific task despite obstacles. Several large clinical trials of ethnic minority persons with HTN have demonstrated the importance of self-efficacy and engagement in health-promoting behaviors associated with BP control. 34, 35 For example, in the Counseling of African Americans to Control Hypertension Trial (n = 1039), self-efficacy for medication taking was higher in the intervention group than in the control group (P = .02). 36 Self-efficacy is often targeted in cardiovascular risk reduction interventions focused on increasing physical activity, diet modification, weight management, and smoking cessation. Thus, the SC-HI self-confidence scale will be useful to researchers developing and testing HTN self-care interventions.
Limitations of this study include the small sample size that was recruited mostly from small urban communities and large medical centers. Additional testing in rural populations and those who are cared for in general primary care practices is warranted. Also, our sample was well educated (mean of 15 years of education) and we did not assess health literacy. Further testing in populations with varied education and literacy levels is needed. In addition, test-retest reliability testing is still needed. Strengths of this study include the ethnically diverse sample and representation of ethnic minority women who are often underrepresented in HTN research. Although nonYEnglish-speaking populations were excluded, efforts are currently underway to translate the SC-HI into Spanish, Portuguese, and Italian for additional psychometric testing. Part of this translation process is to ensure cultural appropriateness of the self-care items in other populations.
Conclusions
Self-care is an essential component in controlling BP and preventing complications associated with HTN. The final 23-item SC-HI fills an important gap in the literature and is anticipated to be useful in research aimed at understanding and improving self-care among persons with HTN.
